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An analysis of the physical environment and associated vegetation of the study area is presented. Releves were 
compiled in 265 stratified random plots. Care was taken to avoid severely disturbed areas and ecotones. A 
TWINSPAN classification. refined by Braun-Blanquet procedures. revealed eight vegetation units which can be 
regarded as distinct ecological units. A hierarchical classification. description and ecological interpretation of the 
eight vegetation units are presented. These ecological units should be taken into account in the compilation of 
management programmes for the natural resources of the study area. 
'n Analise van die fisiese omgewing en plantegroei van die studiegebied word aangebied. Releves is in 265 
gestratifiseerde ewekansig gekose monsterpersele saamgestel. Oormatig versteurde gebiede en ekotone is 
deurgaans vermy. Deur middel van 'n TWINSPAN klassifikasie. wat verfyn is deur Braun-Blanquet prosedures. is 
agt plantegroei-eenhede onderskei wat as aparte ekologiese eenhede beskou kan word. 'n Hierargiese klassifi-
kasie. beskrywing en ekologiese interpretasie van die agt plantegroei-eenhede word verskaf. Hierdie ekologiese 
eenhede behoort in ag geneem te word tydens die opstel van bestuursprogramme van natuurlike hulpbronne 
binne die studiegebied. 
Keywords : Braun-Blanquet. classification. synecology. Grassland Biome. TWINSPAN. 
Introduction 
The Grassland Biome is one of the most important agricultural 
regions of southern Africa. both in terms of intensive crop 
production and extensive stock fanning (Mentis & Huntley 
1982; Scheepers 1986). Agricultural practices, urbanization. 
industrialization, coal mining and the encroachment of exotic 
plant species, have had a negative influence on the condition 
and stability of the ecosystems in the Grassland Biome (Mentis 
& Huntley 1982). Little of the natural vegetation is left and the 
remnants thereof are poorly conserved. The necessity to iden-
tify and describe the vegetation units within the Grassland 
Biome was stated by Mentis and Huntley (1982) and Scheepers 
(1986). 
This study, with the study area situated in the Pretoria-
Witbank-Heidelberg area, forms part of the Grassland Biome 
project (Scheepers 1986). The aim of this study is to establish 
a classification of the vegetation and associated ecological 
interpertation which should form the basis for managing 
natural resources and conservation of the biotic diversity 
(Mentis & Huntley 1982; Scheepers 1986). Apart from the 
Suikerbosrand Nature Reserve (Bredenkamp & Theron 1978, 
1980), very little is known about the vegetation and associated 
environments of the Pretoria-Witbank-Heidelberg area. 
Study area 
The major portion of the study area lies within the Grassland 
Biome of South Africa and is situated between 28°00' and 
29°15'E longitude and 25°15' and 26°30'S latitude (Figure 
1). covering an area of approximately 11 250 km2. Only a 
small portion of the northern part of the study area is situated 
in the Savanna Biome (Rutherford & Westfall 1986). The 
vegetation of the Ba and Ib land types within this area was 
surveyed previously (Land Type Survey Staff 1985. 1987). 
Acocks (1953, 1988) recognized five veld types in this region: 
Mixed Bushveld (veld type 18) in the extreme northern parts of 
the study area; Sourish Mixed Bushveld (veld type 19) border-
ing the Mixed Bushveld to the south; the Sour Bushveld (veld 
type 20) north-west of Pretoria; Bankenveld (veld type 61) in 
the central parts; and Cymbopogon - Themeda Veld (veld type 
48) to the south-west. The vegetation within the study area 
shows similarities with the classification of Werger (1978), 
namely the Upland (Temperate) Sub-humid Mountain Bush-
veld, the Moist Cool Temperate Grassland, the Moist Cold 
Temperate Grassland and Azonal vegetation. 
Climate 
The annual average rainfall for the study area varies from 630 
to 750 mm (Weather Bureau 1986). The rainfall is generally 
50 
28"E 
26°S 
LEGEND 
Ba land type 
Ih land type 
Areas not included 
in the survey 
2]'OS 
N .... ihia 
N 
o 
1 
29"E 
S.-Afr.Tydskr.Plantk., 1994, 60(1) 
6,(6* 
20,l' 
• 
688* 
l5, 8, 
Middelhurq 
• 
50 Jan 
I 
630* 
l5,l' 
Bethal 
• 
Cape province o ! 
500 Jan 
I 
33°S 
Figure 1 The Ba and Ib land types within the Pretoria-Witbank-Heidelberg area (adapted from Land Type Survey Staff 1985, 1987), 
and the mean annual rainfall (*) and temperatures (#) for several weather stations (Weather Bureau 1986). 
erratic, but slightly less variable in the south-eastern parts of 
the study area. The precipitation mainly consists of thunder-
showers of short duration which are restricted to the warm 
summer months of October to April. The lowest rainfall in the 
study area occurs in the south, at Heidelberg with a mean 
annual rainfall of 630 mm (Figure 1) (Weather Bureau 1986). 
The western and central areas of the study area, including 
Johannesburg, Delmas and Pretoria, have the highest mean 
annual rainfall, ranging between 678 and 743 mm (Figure 1). 
Northwards the mean annual rainfall decreases to 651 mm per 
annum at Verena. 
The mean daily temperature varies from 20.1 °C at Loskop-
dam in the north-east to 15.4°C at Heidelberg in the south-west 
(Figure 1) (Weather Bureau 1986). 
Geology 
The main geological groups, supergroups, sequences and com-
plexes within the study area are presented in Figure 2 (Depart-
ment of Mineral and Energy Affairs 1984). 
Karoo Sequence 
The south-eastern part of the study area is situated within the 
Karoo Sequence. This area is primarily underlain by the Ecca 
Group of the Karoo Sequence (SACS 1980). The Ecca Group 
consists mainly of shale, shaly sandstone, grit, sandstone, con-
glomerate and coal. 
Waterberg Group 
Just to the north of Bronkhorstspruit and around Witbank and 
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Figure 2 Geology of the Pretoria-Witbank-Heidelberg area (adapted from Department of Mineral and Energy Affairs 1984). 
Middelburg lies the Wilge River Formation from the Water-
berg Group. The Wilge River Formation consists predominant-
ly of sandstone with quartzite in interspaced places. Remnants 
of the Dwyka Formation from the Karoo Sequence are found 
within the Wilge River Formation as well as to the south-east 
of Bronkhorstspruit(SACS 1980). 
Bushveld Complex 
The northern part of the study area is situated within the 
Bushveld Complex and is primarily underlain by the Lebowa 
Granite Suite and the Rashoop Granophyre Suite (SACS 1980; 
Department of Mineral and Energy Affairs 1984). The Lebowa 
Granite Suite consists predominantly of nebo granite which is 
grey to pink and coarse-grained. The Rashoop Granophyre 
Granite consists mainly of granophyre and pseudogranophyre. 
Transvaal Sequence 
The area around Pretoria towards Delmas and Bronkhorstspruit 
is underlain by the Pretoria Group of the Transvaal Sequence. 
The Magaliesberg Formation, which consists of quartzite and 
minor hornfels, occurs as a narrow belt ranging from the 
northern parts of Pretoria to the Bronkhorstspruit Dam. To the 
south, parallel to the Magaliesberg Formation, is the Daspoort 
Formation, conslstmg of quartzite, with the Silverton 
Formation sandwiched in between. The Silverton Formation 
consists of shale, hornfels, chert and carbonaceous shale in 
places (SACS 1980). Numerous diabase intrusions are found at 
various levels in the Pretoria banded ironstone; the Govern-
ment Formation consists of quartzite, greywacke conglomerate, 
shale and tillite, and the Jeppestown Formation consists of 
shale, quartzite, conglomerate and amygdaloidallava. 
Drainage 
The entire study area is well drained by a network of small 
streams which flow into a few major rivers. The main rivers 
and streams (Figure 3) in the study area include the Klip River, 
Blesbok Stream, Waterval River and the Suikerbosrand River, 
draining the southern and south-western part of the study area. 
The central areas around Delmas are drained to the east by the 
Olifants River and Wilge River and their tributaries. The 
Pretoria area is drained to the north-west by the Hennops River 
and Edendal Stream. The Moses River and Elands River drain 
the northern parts of the study area. Slow-draining streams are 
common within the study area. Only a few permanently water-
logged soils, pans and vleis were encountered. The generally 
slow drainage prevents large-scale gully erosion within the 
area. 
Land types and soil 
A land type denotes an area of specific uniformity of pattern 
with respect to terrain form, soil pattern and climate (Land 
Type Survey Staff 1985, 1987). Consequently, one land type is 
52 S.-Afr.Tydskr.Plantk., 1994,60(1) 
LEGEND 
El Rivers and streams 
- DAms 
N 
ROODEPLlU>.T DAM 
Pretoria 
• 
Bronkhorstspruit 
• Johannesburq 
26·J5·S~------------~~---------L~-------------------------r-L----------------r-
Figure 3 The main rivers and streams of the Pretoria-Witbank-Heidelberg area (adapted from Department of Mineral and Energy 
Affairs 1984). 
distinguished from another in terms of one or a combination of 
the above-mentioned parameters (Land Type Survey Staff 
1985, 1987). Two different land types are distinguished in the 
study area, namely the Ba and Ib land types (Figure 1) (Land 
Type Survey Staff 1985, 1987). Soils are classified according 
to the guidelines of the Department of Agricultural Develop-
ment (1991). 
Soils and terrain of the Ba land type 
The Ba land type has a variety of terrain units. The terrain 
units and soil forms of this land type are presented in Figures 4 
and 5. The Ba land type is characterized by undulating land-
scapes with gentle slopes throughout (terrain units 1, 3, 4 and 
5). However, quartzite ridges occur occasionally, having 
steeper slopes which are generally not typical of the Ba land 
type. In the Ba land type, distrophic and mesotrophic red soils 
are widespread while duplex and margalithic soils are rare. 
Approximately 71 % of the land surface is suitable for tillage 
(Land Type Survey Staff 1985, 1987). The soils are predomi-
nantly of the Glenrosa and Hutton soil forms. 
Soils and terrain of the lb land type 
A terrain form sketch of land type Ib, together with the 
associated soil forms, is presented in Figure 6 (Land Type 
Survey Staff 1985, 1987). This land type is restricted to rocky 
outcrops with terrain units 1, 2 and 3 (Figure 6), although 
terrain unit 2 may be absent in some areas. The predominant 
soil form is Mispah with quartzitic rock sheets occurring 
abundantly. Only 7% of the Ib land type is suitable for tillage 
(Land Type Survey Staff 1985, 1987). 
Methods 
Releves were compiled in 265 stratified random sample plots. 
Stratification was based on land type and within land types on 
terrain units, namely: 1, crests; 2, escarps; 3, midslopes; 4, 
footslopes; 5, flood plains and water courses. Plot sizes varied 
from 200 m2 in areas with woody plant species to 16 m2 in 
grassland vegetation in accordance with Bredenkamp and Theron 
(1978). In each sample plot the total floristic composition was 
recorded using the Braun-Blanquet cover-abundance scale (Muel-
ler-Dombois & Ellenberg 1974). Taxon names conform to those of 
Gibbs Russell et al. (1985, 1987). The environmental variables 
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Figure 4 Terrain form sketch and associated dominant soil forms of the northern and southern parts of the Ba and Ib land types 
(adapted from Land Type Survey Staff 1985, 1987). 
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Figure 5 Terrain form sketch and associated dominant soil forms of the central rocky parts of the Ba land type (adapted from Land 
Type Survey Staff 1985, 1987). 
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Figure 6 Terrain form sketch and associated dominant soil forms of the Ib land type (adapted from Land Type Survey Staff 1985, 
1987). 
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which were assessed or recorded, are geology, land type, terrain 
unit, aspect, slope, rockiness of the soil surface, soil type and 
depth, percentage clay, soil moisture, erosion and degree of 
utilization by herbivores. 
Two-way indicator species analysis (TwINS PAN) (Hill I 979b) 
was applied to the floristic data set in order to derive a first 
approximation of the vegetation units of the area. Refinement of 
this classification was done by the application of Braun-Blanquet 
procedures (Behr & Bredenkamp 1988; Bredenkamp et aI. 1989). 
The results are presented in a synoptic table which was compiled 
for the vegetation units. In this table, the entries represent the con-
stancy of the species (to the nearest one percent) as follows: I, I -
20%; 2, 21 - 40%; 3, 41 - 60%; 4, 61 - 80%; and 5, 81 - 100%. 
In order to determine vegetation environmental relationships 
and relationships among vegetation units, the multivariate ordina-
tion technique, Detrended Correspondence Analysis (DECORANA) 
(Hill 1979a) was applied to the floristic data set. 
Results 
The following eight vegetation units were distinguished within 
the Ba and Ib land types in the Pretoria-Witbank-Heidelberg 
area (Table I): 
1. Acacia caffra -Euclea crispa Woodland 
2. Burkea africana - Ochna pulchra Woodland 
2.1 Burkea africana - F aurea saligna Closed Woodland 
2.2 Burkea africana - Bequaertiodendron magalisrrwn-
tanum Open Woodland 
3. Bewsia biflora - Digitaria brazzae Grassland 
3.l Bewsia biflora - Monocymbium ceresiiforme Grassland 
3.2 Bewsia biflora - Tristachya biseriata Grassland 
4. H elichrysum rugulosum - Conyza podocephala Grassland 
5. H emarthria altissima - Paspalum dilatatum Wetland. 
5.1 Hemarthria altissima - Setaria nigrirostris Seasonal 
Wetland 
5.2 Hemarthria altissima- Phragmites australis Wetland. 
A schematic presentation of the hierarchical classification and 
associated environmental interpretation of the eight vegetation 
units is presented in Figure 7. 
The most abundant and conspicuous species in the entire 
study area are the tufted grass species Themeda triandra and 
Setaria sphacelata (species group S, Table 1). Other grami-
noids with general occurrence are Eragrostis curvula and Elio-
nurus muticus (species group P, Table 1). 
1. Acacia caffra - Euclea crispa Woodland 
This vegetation unit is a sub-humid cool temperate mountain 
bushveld and occurs on moderate to steep south- and east-
facing slopes of rocky outcrops within the Ib land type as well 
as on undulating plains within the Ba land type from 1250 to 
1450 m above sea-level, mainly on terrain unit 3. The inclina-
tion of the slopes of the rocky quartzite outcrops varies from 8 
to 20°, but those of the undulating sandstone areas do not 
exceed 5°. 
The most conspicuous species are the trees or shrubs Acacia 
caffra, various Rhus spp., Ziziphus mucronata and Euclea 
crispa, the grass species Setaria lindenbergiana and the 
shrubby Protasparagus spp. Diagnostic woody species are 
Euclea crispa, Diospyros lycioides, Celtis africana, May tenus 
he terophylla, Acacia karroo, Ehretia rigida, Pavetta garden ii-
folia, Rhus pyroides, Cussonia paniculata and Zanthoxylum 
capense, and the liana Rhoicissus tridentata (species group A, 
Table 1). The only diagnostic graminoid is Setaria lindenbergi-
ana while the leaf succulent, Aloe transvaalensis, and 
Protasparagus transvaalensis and Protasparagus suaveolens 
are also diagnostic. 
This vegetation unit is floristically related to the Burkea 
africana - Faurea saligna Closed Woodland (2.1) due to the 
presence of the species of species group C (Table 1), indicating 
a floristic affinity to the vegetation on the north-facing slopes. 
Some areas representative of the Acacia caffra - Euclea crispa 
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Woodland were mapped by Acocks (1953, 1988) as Banken-
veld Central Variation. According to the species composition 
(species group A, Table 1), these communities should rather be 
regarded as representing Sourish Mixed Bushveld or Sour 
Bushveld, but not Bankenveld. Werger (1978) classified this 
vegetation as two variations under the Upland (Temperate) 
Sub-humid Mountain Bushveld, namely the Protea-dominated 
Bushveld and the Eustachys paspaloides - Acacia caffra 
Mountain Bushveld. This vegetation unit occurs on the cooler 
south-facing slopes of the Mountain Bushveld (Werger 1978) 
and is therefore named in this paper as the Sub-humid Cool 
Temperate Mountain Bushveld. 
2. B urkea africana - Ochna pulchra Woodland 
This major vegetation unit is a sub-humid warm temperate 
mountain bushveld and is found mainly within the Ib land type, 
occurring on quartzite, granophyre and granite of north-facing 
slopes, crests and upper south-facing steep slopes of the rocky 
outcrops (terrain units 1 - 3). 
Diagnostic and sometimes dominant woody species are 
Burkea africana, Ochna pulchra, Vangueria infausta, Mundu-
lea sericea and Lannea discolor. The only diagnostic grami-
noid is Eragrostis nindensis while Boophane disticha is the 
only diagnostic geophyte (species group E, Table 1). This 
major vegetation unit occurs on the warmer north-facing slopes 
of the Mountain Bushveld (Werger 1978) and is therefore 
referred to in this paper as the Sub-humid Warm Temperate 
Mountain Bushveld. 
This woodland can be divided into two distinct vegetation 
units. 
2.1. Burkea africana- Faurea sa ligna Closed Woodland 
This vegetation unit is situated within the Savanna Biome 
(Rutherford & Westfall 1986). According to the mapping and 
veld type description of Acocks (1953, 1988), this vegetation 
unit represents Sourish Mixed Bushveld (veld type 18). It 
occurs on the warmer, north-facing gentle footslopes of the 
rocky outcrops in the northern parts of the study area, being 
restricted to areas situated at an altitude below 1250 m. 
The most prominent species are Terminalia sericea, Com-
bretum apiculatum, Acacia caffra, Dombeya rotundifolia and 
Faurea saligna. Diagnostic and sometimes dominant tree 
species (species group B, Table 1) are Faurea saligna, Com-
bretum apiculatum, Terminalia sericea, Peltophorum afri-
canum and Ozoroa paniculosa. Diagnostic shrubs are Dichro-
stachys cinerea and Lannea edulis, with Digitaria eriantha, 
Trichoneura grandiglumis, Hyperthelia dissoluta, Eragrostis 
gummiflua, Cymbopogon excavatus and Pogonarthria squar-
rosa as diagnostic graminoids. Diagnostic forbs and dwarf 
shrubs are Triumfetta sonderi, I ndigofera daleoides and Felicia 
muricata. Werger (1978) classified similar vegetation as 
Faurea saligna - Burkea africana - Diplorhynchus condylo-
carpon Mountain Bushveld under the Upland (Temperate) Sub-
humid Mountain Bushveld. 
2.2. Burkea africana - Bequaertiodendron magalismon-
/anum Open Woodland 
This vegetation unit occurs on warm north- and north-east-
facing slopes, on crests and on steep upper south-facing slopes 
of the rocky outcrops. 
The most conspicuous woody species are Bequaertioden-
dron magalisrrwntanum, Burkea africana, Combretum rrwlle 
and Ochna pulchra, and on the upper south-facing slopes, the 
sedge Coleochloa setifera. Diagnostic grass species are 
Aristida transvaalensis and Cymbopogon plurinodis. Diagnos-
tic woody species are Bequaertiodendron magalisrrwntanum, 
Rhus magalisrrwntana, Tapiphyllum parvifolium, Lopholaena 
coriifolia, Strychnos pungens, Dovyalis zeyheri, Combretum 
rrwlle and Canthium gilfillanii. Other diagnostic species are 
S.Afr.J.Bot., 1994,60(1) 
Table 1 Sinoptic phytosociological table of eight vege-
tation units 
Vegetation unit: 
Species Group A 
Euclea crispa 
Diospyrcs lycioides 
Celtis africana 
Rhus pyroides 
Aloe transvaalensis 
May tenus heterophylla 
Rhoicissus tridentata 
Cussonia paniculata 
Setaria lindenbergiana 
Protasparagus transvaalensis 
Protasparagus suaveolens 
Acacia karroo 
Ehretia rigida 
Pavetta gardeniifolia 
Zanthoxylum capense 
Species Group B 
Faurea saligna 
Digitaria eriantha 
Combretum apiculatum 
Terminalia sericea 
Trichoneura grandiglumis 
Dichrostachys cinerea 
Triumfetta sonderi 
Hyperthelia dissoluta 
Ozoroa paniculosa 
Eragrostis gummiflua 
Indigofera daleoides 
Felicia muricata 
Cymbopogon excavatus 
Pogonarthria squarrosa 
Lannea edulis 
Peltophorum africanum 
Species Group C 
Acacia oaffra 
Rhus zeyheri 
Rhus leptodiotya 
Lippia j avanica 
Ziziphus mucronata 
Dombeya rotundifolia 
Species Group 0 
Bequaertiodendron magalismontanum 
Pellaea oalomelanos 
Xerophyta retinervis 
Landolphia capensis 
Aristida transvaalensis 
Tapiphyllum parvifolium 
Cymbopogon plurinodis 
Rhus magalismontana 
Vernonia poskeana 
Lopholaena coriifolia 
Crassula swaziensis 
Leonotis dysophylla 
Cheilanthes hirta 
Strychnos pun gens 
Kalanohoe thyrsiflora 
Euphorbia schinzii 
Rhynchosia nitens 
Chaetacanthus setiger 
g~~~r!iSuf~h~i~! Coleoch~oa setifera 
Combretum Molle 
Canthium gilfillanii 
Species Group E 
Burkea africana 
Ochna pulchra 
Vangueria infausta 
Lannea discolor 
Mundulea sericea 
Eragrostis nindensis 
Boophane distich a 
Species Group F 
Monocymbium ceresiiforme 
Oigitaria monodactyla 
Aristida junciformis 
Hypoxis obtusa 
Species Group G 
Loudetia simplex 
Bulbostylis burchellii 
Andropogon schirensis 
Sporobolus pectinatus 
Rhynchosia monophylla 
Species Group H 
Tristachya biseriata 
Elephantorrhiza elephant ina 
Species Group I 
Tristachya rehmannii 
Panicum natalense 
Digitaria brazzae 
Bewsia biflora 
Justioia anagaloides 
Helichrysum coriaceum 
Urelytrum agropyroides 
Helichrysum cephaloideum 
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Table 1 Continued 
Vegetation unit: 
Species Group J 
Trachypogon spicatus 
Senecl.o venosus 
Species Group K 
Schizachyrium sanguineum 
Parinari capen sis 
Species Group L 
Diheteropogon amplectens 
Species Group II 
Helichrysum rugulosum 
Cynodon dactylon 
Anthospermum hispidulum 
Eragrostis capensis 
Hermannia depressa 
Conyza podocephala 
Species Group N 
Heteropogon contortus 
Species Group 0 
Eragrostis racemosa 
Species Group P 
Eragrostis curvula 
Elionurus muticus 
Hypoxis rigidula 
Melinis repens 
Brachiaria serrata 
Aristida congesta 
Vernonia oligocephala 
Hyparrhenia hirta 
Stoebe vulgaris 
Thesium sp. 
Indigofera comosa 
Species Group Q 
Berkheya radula 
Setaria nigrirostris 
Centella coriacea 
Arundinella nepalensis 
Kyllinga erecta 
Pennisetum sphacelatum 
Species Group R 
Eragrostis plana 
Senecio inornatus 
Species Group S 
Themeda triandra 
Setaria sphacelata 
Species Group T 
Phragmites australis 
Typha capensis 
Cyperus longus 
Eragrostis planiculmis 
Eragrostis micrantha 
Crperus margin at us 
E eocharis palustris 
Species Group U 
Hemarthria altissima 
Paspalum dilatatum 
Leersia hexandra 
Mariscus congest us 
Polygonum salicifolium 
Sium repandum 
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listed under species group D (Table 1). The species composi-
tion of this vegetation unit corresponds with the Sour Bushveld 
of Acocks (1953, 1988) and the Landolphia capensis -
Bequaertiodendron magalismontanum Shrub Bushveld, classi-
fied under the Upland (Temperate) Sub-humid Mountain Bush-
veld by Werger (1978). It is interesting to note that similar 
plant communities described by Bredenkamp and Theron 
(1978) in the Suikerbosrand Nature Reserve, represent south-
ern outliers of the Sour Bushveld, though mapped by Acocks 
(1953, 1988) as Bankenveld. 
3. Bewsia biflora - Digitaria brazzae Grassland 
This vegetation is a moist cool temperate grassland and occurs 
on undulating plains with shallow soils and on the south-facing 
moderate slopes of the rocky outcrops (terrain units 1 and 3). 
This major vegetation unit is restricted to areas above an 
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altitude of 1450 m. This grassland occurs on both Ba and Ib 
land types. 
The diagnostic grass species (species group I, Table 1) are 
Tristachya rehmannii, Panicum natalense, Urelytrum agro-
pyroides, Digitaria brazzae, Bewsia biflora and Monocymbium 
ceresiiforme. Other diagnostic species are the forbs Justicia 
anagalloides, Helichrysum coriaceum and Helichrysum 
cephaloideum. There are no specific generally conspicuous 
grass species in this major vegetation unit but the most 
abundant species are Themeda triandra, Trachypogon spicatus, 
Panicum natalense, Diheteropogon amplectens and Digitaria 
brazzae. The Burkea africana - Bequaertiodendron magalis-
montanum Open Woodland (2.2) is floristically related to this 
vegetation unit (see species groups J & K, Table 1), indicating 
the transitional position of the grassland to Sour Bushveld 
communities. Based on the floristic composition, this grassland 
is situated within the Bankenveld of Acocks (1953, 1988) and 
represents the Moist Cool Temperate Grassland (Trachypogon 
spicatus - Diheteropogon amplectens Grassland) of Werger 
(1978). 
This major vegetation unit can be divided into two distinct 
vegetation units, both typical of the Bankenveld (Acocks 1953, 
1988); 
3.1 Bewsia bijlora - Monocymbium ceresiiforme Grassland 
Diagnostic species in this vegetation unit are the graminoids 
Monocymbium ceresiiforme, Digitaria monodactyla and Aris-
tida junciformis and the forb Hypoxis obtusa (species group F, 
Table 1). This vegetation unit occurs on the rocky and stony 
slopes above an altitude of 1450 m with a mean percentage 
rockiness on the soil surface of 30 and an inclination of 8 -
20°. The soils are shallow (mean depth is 100 mm) repre-
senting the Mispah and Glenrosa soil forms. Rocky outcrops 
are conspicuous in this area. The higher percentage of soil 
surface rockiness and rocky outcrops in this vegetation unit 
provides a micro-habitat that prevents excessive evaporation of 
water. Thus this habitat is more moist than those which have a 
lesser percentage of rockiness (Stuart-Hill 1984). This grass-
land is predominantly situated on the Ib land type. Although 
this vegetation unit is floristically related to the Burkea 
ajricana - Bequaertiodendron magalismontanum Open Wood-
land (species group G, Table 1) which also occurs on rocky 
slopes and shallow soil, no woody species occur in this grass-
land, probably due to the cooler conditions at the higher alti-
tudes. 
3.2 Bewsia bijlora - Tristachya biseriata Grassland 
This vegetation unit can be found on less stony undulating 
plains with a mean percentage soil surface rockiness of 5 - 10, 
an inclination of 2 - 6° and with drier and deeper soils (mean 
depth is 200 mm) than the Bewsia biflora - Monocymbium 
ceresiiforme Grassland. This vegetation unit represents a 
transitional position between vegetation units 3.1 and 4 and is 
predominantly situated on the Ba land type. 
This vegetation unit does not have a distinct group of diag-
nostic species of its own but is rather characterized by the 
absence of species typically encountered in the Bewsia biflora 
- Monocymbium ceresiiforme Grassland, such as Monocym-
bium ceresiiforme, Digitaria monodactyla, Aristida junciformis 
and Hypoxis obtusa. Although Tristachya biseriata and 
Elephantorrhiza elephantina (species group H, Table 1) have a 
relatively high occurrence in this vegetation unit, they cannot 
be regarded as diagnostic species because of their low presence 
in this vegetation unit in relation to the general occurrence of 
these species. Woody species are almost entirely absent in this 
Bankenveld vegetation. 
4. Helichrysum rugulosum - ConyZll podocephala Grass-
land 
This moist cold temperate grassland occurs on the gentle 
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slopes of relatively lower lying bottomland areas of terrain unit 
3 in the undulating plains, but still at a high altitude (above 
1450 m). This grassland is predominantly found on the Ba land 
type. The soils are generally deeper and moister than those of 
major vegetation unit 3. The average soil depth is more than 
300 mm and the mean percentage rockiness of the soil surface 
is less than 5%. 
Diagnostic species of this vegetation unit are Cynodon 
dactylon, Eragrostis capensis, Helichrysum rugulosum, Antho-
spermum hispidulum, Hermannia depressa and Conyza 
podocephala. The most abundant and conspicuous species are 
Themeda triandra, Eragrostis curvula, Setaria sphacelata and 
Eragrostis plana. This vegetation unit is situated within the 
mapping unit of the Bankenveld according to Acocks (1953, 
1988). However, the species composition (species groups 
M - P, Table 1) of this vegetation unit indicates that this 
community rather represents the Cymbopogon - Themeda Veld 
(Acocks 1953, 1988). According to the classification of 
Werger (1978), this community is situated within the Moist 
Cold Temperate Grassland (Tristachya leucothrix - Eragrostis 
chloromelas Grassland). 
5. Hemarthria altissima - Paspalum dilatatum Wetland 
This major vegetation unit can be regarded as riparian 
vegetation of rivers and streams and can be found on river-
banks or floodplains along streams and in pans and thus are 
found exclusively on terrain units 4 and 5. The wetlands occur 
predominantly on the Ba land type but occur occasionally on 
the Ib land type where rivers and streams flow through 
quartzitic ridges. 
Diagnostic species are Hemarthria altissima, Paspalum dila-
tatum, Leersia hexandra, Mariscus congestus, Polygonum sali-
cifolium and Sium repandum. All the diagnostic species 
(species group V, Table 1) are almost entirely restricted to this 
major vegetation unit, indicating the unique floristic composi-
tion and subsequent high conservation priority of this major 
vegetation unit. This major vegetation unit, according to the 
classification of Werger (1978), represents a variation of 
Azonal vegetation, namely Floodplain and dambo grasslands. 
Acocks (1953, 1988) did not classify similar vegetation as 
distinct veld types and this major vegetation unit is situated 
within the Bankenveld and the Cymbopogon - Themeda Veld. 
Two distinct vegetation units can be recognized within this 
major vegetation unit. 
5.1 Hemarthria altissima - Setaria nigrirostris Seasonal 
Wetland 
This vegetation unit is found on stream-banks or floodplains 
that are seasonally wet or waterlogged. It is restricted to terrain 
unit 4. 
The most conspicuous species are Berkheya radula, Era-
grostis plana and Themeda triandra. Diagnostic species are 
Berkheya radula, Setaria nigrirostris, Centella coriacea, Arun-
dinella nepalensis, Kyllinga erecta and Pennisetum sphacela-
tum (species group Q, Table 1). 
5.2 Hemarthria altissima - Phragmites australis Wetland 
This vegetation unit is restricted to terrain unit 5 and can be 
found in permanent and seasonally wet streams, pans and 
marshes. 
Diagnostic and conspicuous species are Phragmites aus-
tralis, Typha capensis, Cyperus longus, Eragrostis plani-
culmis, Eragrostis micrantha, Cyperus marginatus and 
Eleocharis palustris (species group T, Table 1). The only 
floristic and ecologic affinity is with the Hemarthria altissima 
- Paspalum dilatatum Seasonal Wetland (see species group V, 
Table 1). 
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Ordination 
The result of the DECORANA ordination (Hill 1979a) is 
presented in Figure 8. The gradient identified corresponds to 
the general interpretation of the vegetation units derived from 
the classification. The left of the scatter diagram represents the 
dry, warm, woody Bushveld vegetation, while the cool to cold 
temperate Grassland is situated in the centre and the wetlands 
to the right of the diagram. 
Discussion and concluding remarks 
The study area includes parts of both the Savanna and the 
Grassland Biomes. In this area various vegetation units occur, 
ranging from bushveld to grassland communities, within a rela-
tively small area. According to the map and veld type descrip-
tions of Acocks (1953, 1988), most of these vegetation units 
are situated in the Bankenveld (veld type 61). The ecological 
interpretation of the Bankenveld has been a problem for many 
years. Although the difference in scales of the Acocks map and 
this study is realized, this study indicates that the Bankenveld 
is represented by a mosaic of typical Mountain Bushveld and 
typical Cool or Cold Temperate Grassland (Werger 1978). The 
typical species composition of the Bankenveld (Acocks 1953, 
1988) occurs only on the rocky, undulating plains with shallow 
soils and moderate slopes situated above 1450 m above sea-
level. Many of the plant communities situated along the 
northern margins of the Central Variation of the Bankenveld 
rather represent Sour Bushveld (A cocks 1988). The deeper 
non-rocky soils of the high-altitude plains rather represent 
Cymbopogon - Themeda Veld. The vegetation units recognized 
in this study are in accordance with the classification of 
Werger (1978). 
According to Acocks (1953, 1988), the northern border of 
the Bankenveld lies from Pretoria to Witbank in a fairly 
straight line (Figure 9). This study revealed that this is not the 
case. Acocks identified the dominant species in the Mixed and 
Sourish Mixed Bushveld as Acacia caffra, Combretum apicu-
latum, Dichrostachys cinerea, Lannea discolor, Terminalia 
sericea, Burkea africana, Sclerocarya birrea, Peltophorum 
400r----------------------------------------------, 
S·2 
• 
o AXis 1 600 
Mountain Bushveld .. 4----------------------_~ Grassland 
Sub - humid .. 4------------------------------~. Moist 
Warm _Cool .. 4------------------------------..... Cold 
Figure 8 The DECORANA ordination diagram of the vegetation 
of the study area. 1, Acacia caffra - Euclea crisp a Vegetation 
Unit; 2.1, Burkea africana - Faurea saligna Vegetation Unit; 
2.2, Burkea africana - Bequaertiodendron magalismontanum 
Vegetation Unit; 3.1, Bewsia biflora - Monocymbium ceresiiforme 
Vegetation Unit; 3.2, Bewsia biflora - Tristachya biseriata Vege-
tation Unit; 4, Helichrysum rugulosum - Conyza podocephala 
Vegetation Unit; 5.1, Hemarthria altissima - Setaria nigrirostris 
Vegetation Unit; 5.2, Hemarthria altissima - Phragmites australis 
Vegetation Unit. 
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africanum, Ochna pulchra, Digitaria eriantha and Eragrostis 
spp. Therefore, the part of the Ba land type that is situated in 
the Mixed Bushveld and Sourish Mixed Bushveld map units of 
Acocks (1953, 1988) to the north- and south-west of Verena, 
should now be regarded as Bankenveld. The vegetation units 
that are found in those areas are classified within the Bewsia 
biflora - Digitaria brazzae Grassland (species group n, typical 
of the Bankenveld (Figure 9). Diagnostic species that were 
found in this area are Tristachya rehmannii, Panicum 
natalense, Bewsia biflora, Trachypogon spicatus and lusticia 
anagalloides. These species are not typical of the Mixed and 
Sourish Mixed Bushveld of Acocks (1953, 1988), and woody 
species are absent or rare in these communities. 
Acocks (1953, 1988) stated that the Bankenveld is a False 
Grassland as a result of excessive burning. Although the role 
of fire in the suppression of bush and other woody vegetation 
is not denied, the results of this study indicate that the 
Woodland and Grassland vegetation units are associated with 
altitude and the corresponding climatic conditions. It is there-
fore suggested that altitude and the associated climatic condi-
tions are the primary environmental factors contributing to the 
mosaic -- like distribution of woodland and grassland com-
munities within Acocks's Bankenveld (see also Werger 1978; 
Bredenkamp & Van Vuuren 1987). 
Acocks (1953, 1988) mapped the Northern Variation of the 
Cymbopogon - Themeda Veld as an area between Johannes-
burg, Heidelberg and Delmas (Figure 9). However, this study 
revealed that a large part between Johannesburg, Delmas and 
Bronkhorstspruit that was mapped as Bankenveld, actually 
represents Cymbopogon - Themeda Veld (Figure 10). The 
species that are typical of the Northern Variation of Cymbo-
pogon - Themeda Veld are Setaria sphacelata, Themeda 
triandra, Heteropogon contortus, Eragrostis capensis, E. 
racemosa, E. gummiflua, Elionurus muticus, Cymbopogon 
plurinodis, Brachiaria serrata, Cynodon dactylon, Heli-
chrysum rugulosum, Aristida congesta and Eragrostis plana. 
The most prominent and often diagnostic species encountered 
in the Helichrysum rugulosum - Conyza podocephala Grass-
land are the species in species group M (Table 1). Coetzee et 
al. (1993) included the following species in a detailed classi-
fication and description of this grassland: Themeda triandra, 
Setaria sphacelata, Heteropogon contortus, Eragrostis cur-
vula, E. plana, E. gummiflua, Brachiaria serrata, Elionurus 
muticus, Eragrostis racemosa, Aristida congesta and 
Microchloa caffra. These species compositions indicate that 
the Helichrysum rugulosum - Conyza podocephala Grassland 
is representative of the Cymbopogon - Themeda Veld. Accord-
ing to the distribution of the sample plots of the Helichrysum 
rugulosum - Conyza podocephala Grassland, the Northern 
Variation of the Cymbopogon - Themeda Veld has a much 
wider distribution than was mapped by Acocks (1953, 1988) 
(Figure 10). The Bankenveld is restricted to shallow rocky 
soils while the Cymbopogon - Themeda Veld occurs predomi-
nantlyon deeper soils of the plains. 
The distribution of vegetation units on the ordination dia-
gram (Figure 8) not only corresponds with the results of the 
classification (Table 1), but also with the actual geographical 
distribution of the vegetation units. The Sub-humid Warm 
Temperate Mountain Bushveld communities (Table 2) are 
found in the northernmost parts of the study area on the 
warmer north-facing slopes, also associated with a lower 
altitude. Sub-humid Cool Temperate Mountain Bushveld is 
bordering the Sub-humid Warm Temperate Mountain Bushveld 
to the south and is associated with the cooler south-facing 
slopes, also situated at a relatively low altitude. Bordering the 
Mountain Bushveld to the south, at higher altitudes, are the 
Moist Cool and Cold Temperate Grasslands with Wetlands and 
Seasonal Wetlands occurring within the grasslands. The Moist 
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Figure 9 Veld types of Acocks within the Pretoria-Witbank-Heidelberg area (adapted from Acocks 1953, 1988). 
Cool Temperate Grassland represents Bankenve1d and the 
Moist Cold Temperate Grassland, the Cymbopogon - TIu!mi!da 
Veld. The Sub-humid Warm and Cool Temperate Mountain 
Bushveld as well as the northern parts of the grasslands can be 
regarded as the transition between the Savanna and Grassland 
Biomes. 
A comparison of the classifications of Werger (1978), 
Acocks (1953, 1988) and the vegetation units described in this 
study, is presented in Table 2. 
In summary, Acocks's Bankenveld mapping unit is presently 
interpreted as a mosaic of grassland and bushveld commun-
ities, which include Bankenveld grassland of cool rocky 
mountain or plateaux environments, Cymbopogon - TIu!mi!da 
Veld, Sour Bushveld and Sourish Mixed Bushveld. The woody 
component of the latter two bushveld communities may 
become dwarfed and poor in woody species composition along 
a climate/altitude gradient, and these two COmmUll1tles 
eventually merge into typical Bankenveld rocky grassland. 
Large parts of the study area are invaded by exotic invader 
species such as Acacia mearnsii. Acacia dealbata. Acacia 
podalyriifolia. Sesbania punicea, Eucalyptus spp., Populus 
spp. and Melia azedarach. Many of the areas invaded by 
exotics represent riparian vegetation (Hemarthria altissima -
Paspalum dilatatum Seasonal Wetland) with a high conserva-
tion status. In such areas, the natural vegetation is usually 
replaced by these exotic species. 
All vegetation units recognized in this study could be related 
to specific environmental conditions and can therefore be dis-
tinguished and interpreted ecologically. The classification is 
supported by the results of the ordination, and the latter also 
provides an understanding of the vegetation gradients and asso-
ciated habitat gradients between the vegetation units. Each of 
the eight vegetation units must be regarded as a unique eco-
logical unit, and these ecological boundaries should be taken 
into account with conservational and farming management. 
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Table 2 Comparison of the eight vegetation units with 
the classification of Werger (1978) and Acocks (1953, 
1988) with associated climate and altitude 
Vegeta-
tion unit Acocks Werger 
No." (1953, 1988) (1978) 
2.1 Mixed Bush- Upland (femperate) 
2.2 
3.1 
3.2 
4 
5.1,5.2 
veld Sub-humid Mountain 
Bushveld 
Sour Bushveld Upland (femperate) 
Bankenveld Sub· humid Mountain 
Bushveld 
Sourish Mixed Upland (femperate) 
Bushveld Sub-humid Mountain 
Bankenveld Bushveld 
Bankenveld 
Bankenveld 
Moist Cool Temper-
ate Grassland 
Moist Cool Temper-
ate Grassland 
Cymbopogon - Moist Cold Temper· 
Themeda Veld ate Grassland 
Azonal vegetation 
"See text. 
Climate/Altitude 
Sub-humid 
Warm Temperate 
« 1250 m) 
Sub-humid 
Warm Temperate 
(1250 - 1450 m) 
Sub·humid 
Cool Temperate 
(1250 - 1450 m) 
Moist Cool Temper· 
ate (> 1450 m) 
Moist Cool Temper-
ate (> 1450 m) 
Moist Cold Temper-
ate (> 1450 m) 
Azonal 
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Phytosociology of the wetlands of the Ba and Ib land types in the 
Pretoria-Witbank-Heidelberg area of the Transvaal, South Africa 
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An analysis of the plant communities of the wetlands of the Pretoria-Witbank- Heidelberg area of the Transvaal 
province, South Africa, is presented. Releves were compiled in 40 stratified random sample plots. A TWINS PAN 
classification, refined by Braun-Blanquet procedures, revealed seven distinct plant communities. A descrip-
tion and ecological interpretation of the plant communities are presented. 
'n Analise van die plantgemeenskappe van die vleilande van die Pretoria-Witbank-Heidelberg gebied in 
Transvaal, Suid-Afrika, word aangebied. Releves is in 40 gestratifiseerde ewekansig gekose monsterpersele 
saamgestel. 'n TWINsPAN klassifikasie, verfyn deur Braun-Blanquet prosedures, toon sewe duidelik onderskei-
bare plantgemeenskappe. 'n Beskrywing en ekologiese interpretasie van hierdie plantgemeenskappe word 
aangebied. 
Keywords: Braun-Blanquet, classification, syntaxonomy, wetlands. 
Introduction 
The initial utilization management of South Africa's water 
resources was based primarily on meeting bulk user demands, 
mainly agricultural, with scant consideration towards water 
quality or ecological implications. However, due to more inten-
sive agricultural, mining and industrial development and the 
resulting ecological problems, an increasing awareness has 
forced water resource management to recognize the importance 
of these aspects (Walmsley 1988). 
No approach enhancing the scientific and technological ex-
pertise necessary to address problems regarding water quality 
and related ecological problems can be realised on an ad hoc 
basis. According to Begg (1986), a wetland is an area where 
excess of water is the dominating factor determining the nature 
of soil development and types of plant and animal communities 
occurring at the soil interface. It spans a continuum of environ-
ments where terrestrial and aquatic systems integrate. Wetlands 
are therefore a water-dominating area with impeded drainage 
where soils are saturated with water (at least periodically) and 
where there is a characteristic flora and fauna. In this paper, 
the term 'wetland' refers to an area that is permanently satu-
rated with water and 'seasonally wetland' refers to an area that 
is seasonally or periodically saturated with water. 
Ecological management of any area should be based on 
sound scientific information on the natural resources present in 
the area. The necessity to classify, describe and interpret the 
different plant communities as a natural resource, is well docu-
mented by Mentis and Huntley (1982) and Scheepers (1986). 
Coetzee et al. (1993) recognized eight major vegetation units 
in a general overview of the vegetation of the Pretoria-
Witbank-Heidelberg area, one representing the Hemarthria 
altissima - Paspalum dilatatum Wetland. From a phytosocio-
logical viewpoint, very little is known about the vegetation of 
the wetlands [Hemarthria altissima - Paspalum dilatatum 
Wetland (Coetzee et al. 1993)] of this area and this study 
